This research was performed to identify the incidence and to determine the effects of risk factors of axial and lower extremity deformities. One hundred forty-seven domestic college students (102 males and 45 females) and 72 foreign students (33 males and 39 females) were subjects in this study. Data collecting was performed by questionnaire and visual postural evaluation. For backpack shoulder dominance, higher incidences of genu varus (P= 0.043) and lower incidence of leg length discrepancy (LLD) (P= 0.001) were found in both shoulder carrier, while the incidence of lordosis was higher in left (P= 0.001) and both (P= 0.012) carrier in domestic students. The incidence of genu varus (P = 0.022) and scoliosis (P= 0.002) were significantly lower in both shoulder carrier in foreign students. For dominant arm, the incidence of forward head (P = 0.001) and of lordosis (P= 0.029) were significantly higher in left handedness both in domestic students and in foreign students. As the body mass index increases, the incidence of protruding abdomen (P= 0.001) and lordosis (P= 0.009) showed significant increase, but, the incidence of kyphosis (P= 0.022) and scoliosis (P= 0.001) decreased in domestic students, and same tendency for lordosis (P = 0.001) and for scoliosis (P= 0.001) in foreign students. As a whole, in domestic students, female students revealed significantly high (P = 0.004) incidence of genu recurvatum compared to significantly low (P= 0.022) incidence of LLD. However, no significant incidence difference found in foreign students. Male students showed significantly low incidence (P = 0.001) of LLD and high incidence (P= 0.014) of lordosis. In foreign students, female students also showed significantly low incidence (P= 0.032) of LLD in foreign students compared to their counterparts.
INTRODUCTION
Incidence of musculoskeletal diseases has increased in recent years. Musculoskeletal diseases are one of the main health problems around world and have great consequences for public health because of the large amount of their health and social resources. Nevertheless, epidemiological studies on the incidence and impact of musculoskeletal diseases compared with systemic diseases are infrequent (Carmona et al., 2001) .
Axial and lower extremity deviations must be diagnosed in their beginning stages to prevent severe deformity because early diagnosis and detection of the abnormality increases the chance of correction (Eden-Kilgour and Gibson, 1990; Gunnoe, 1990) . Left untreated, a mild condition can become so severe that it could cause back pain and damage to internal organs, and even require corrective surgery (Eden-Kilgour and Gibson, 1990; Francis and Bryce, 1987) .
The most controversial issues relating to postural deviations continue to be those of risk factors. Etiologies of some axial and lower extremity deviations are generally classified as idiopathic. However, most researchers agree that gender (Mattila et al., 2007) and age (Palmer and Goodson, 2015) are the most common risk factors. Some researchers suggested that handedness (Walker and Perreault, 2015; Williams et al., 2002) , backpack shoulder dominance (Grimmer et al., 2002) , and height and weight (Viester et al., 2013) might be possible risk factors of axial and lower extrem-ity deviations.
Spinal deformities might be considered to relate to the lower extremities, such as knee or hip flexion and extension positions (Itoi, 1991) . However, no study has reported on the relationship between spinal and lower extremities based on the nationality.
Therefore, the purpose of this study was to determine the incidence of axial and lower extremity deviations and identify the effects of risk factors (backpack shoulder dominance, handedness, body mass index [BMI], nationality, and gender) on the development of axial deformities (forward head, protruding abdomen, kyphosis, lordosis, scoliosis) and lower extremity deformities (genu valgus, genu varus, genu recurvatum, leg length discrepancy).
MATERIALS AND METHODS

Participants
One hundred forty-seven (102 males and 45 females) domestic college students and 72 (33 males and 39 females) foreign students were subjects in this study. Physical characteristics of the subjects are listed in Table 1 .
Data collecting
Subjects with a history of related disorders or injury to vertebrae or lower extremity were barred from participation. All subjects were asked wear tight-fitting stretch swimming suits only. No socks were permitted for the data collecting. The subjects were asked to answer each question on the questionnaire including nationality, backpack shoulder dominance, handedness, gender, age, height, and weight.
Experimental procedures
The visual postural examination of the spine and lower extremity was conducted from anterior, posterior, lateral, and prone positions. From the anterior view, height of the shoulder on both side was observed. From the posterior view, any sign of scoliosis, genu valgus, genu varus, or genu recurvatum was observed. From the lateral view, any sign of forward head, protruding abdomen, kyphosis, lordosis was observed. From the prone position, observation was performed if there is leg length discrepancy. This procedure was established and validated by Wen et al. (1998) .
Statistical analysis
A logistic regression was used to identify the association of genu valgus, genu varus, genu recurvatum, leg length discrepancy, forward head, protruding abdomen, kyphosis, lordosis, and scoliosis. Independent variables were nationality, gender, backpack shoulder dominance, handedness, and BMI converted from the height and the weight. Each spinal and lower extremity deformities were considered as dependent variable in the study. Data were Table 2 shows the result of the effects of backpack shoulder dominance on the incidence of each spinal and lower extremity deviations. As shown in the Table 2 , subjects carrying the backpack on both shoulder showed significantly higher incidence of genu varus (P=0.043) and lower incidence of LLD (P=0.001) than right shoulder carrying in domestic students. Subjects carrying the backpack on the left shoulder (P=0.001) and on both shoulder (P=0.012) showed significantly higher incidence of lordosis, respectively than right shoulder carrying in domestic students. In contrast, subjects carrying the backpack on both shoulder showed significantly lower incidence of genu varus (P=0.022) and scoliosis (P=0.002) than right shoulder carrying in foreign students.
RESULTS
The result of the effects of dominant arm on the incidence of each spinal and lower extremity deviations is presented in Table 3 . According to the Table 3 , in domestic students, subjects with left hand dominance showed the significantly higher incidence of forward head (P=0.001) while incidence of lordosis was significantly higher (P=0.029) in left hand dominance subjects than their counterparts in foreign students. Table 4 represents the result of the effects of BMI on the incidence of each spinal and lower extremity deviations. In domestic students, as the BMI increases, the incidences of protruding abdomen (P=0.001) and lordosis (P=0.009) showed significantly high increases while significantly low decrease in kyphosis (P=0.022) and in scoliosis (P=0.001). However, incidence of lordosis (P=0.001) significantly increased and the incidence of scoliosis (P=0.001) significantly decreased in foreign students.
The incidence difference between nationality and gender are shown in Tables 5 and 6 . As a whole, in domestic students, female students revealed significantly higher (P=0.004) incidence of genu recurvatum and significantly low incidence of LLD (P= 0.022) compared to male students. However, no significant incidence difference found in foreign students. Male students showed significantly low incidence of LLD (P=0.001) and high incidence of lordosis (P=0.014) in foreign students, Female students also showed significantly low incidence of LLD (P=0.032) in foreign students compared to domestic students.
DISCUSSION
The results of this study revealed that subjects carrying their backpack on both shoulder showed higher incidence of genu varus and lordosis in domestic students. High incidence of genu varus might be explained that the reason of high incidence is not due to backpack but traditional sitting-on life style of Korean people even though Western life style is stabilized in their current daily life. High incidence of lordosis also might be caused by the influence of heavy backpack load during junior to high school days. This result is consistent with the report by Grimmer et al. (2002) suggesting that backpacks should be positioned high on the trunk to minimize antigravity stresses on body tissues and loads should be limited to 10% of their body weight. Subjects with left hand dominance showed significantly high incidence of forward head in domestic students and lordosis in foreign students. Even the small percentile of left-handed subject, this result coincides with the results of the research by Williams et al. (2002) explaining that physiological and mechanical modifications to muscle structure and composition from long term preferential use of one hand.
In this study, it was found that students with high BMI showed no significant difference on lower extremity but on axial spine. Especially, students with high BMI showed high incidence of lordosis and low incidence of scoliosis. Even the relationship between BMI and musculoskeletal deformities has been focused in studies on low back pain (Shiri et al., 2010) it could be argued that high BMI is associated with deformities in other body regions such as neck, shoulder, and lower limbs (Viester et al., 2013) . Even it is difficult to compare the incidence of musculoskeletal deviations due to the absent of research between nations the reason of high incidence of genu recurvatum in female students seems to the weakness of muscle force on the lower extremity because of insufficient of physical activities. Low incidence of LLD in foreign students compared to domestic students might be attributed to their standing-up life style. 
